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or as accurately prepared solutions In appropriate anhydrous 
solvents. 

Where the specimen is on insoluble solid, the water may be ex- 
tracted using a suitable anhydrous solvent from which an appropri- 
ate quantity, accurately weighed, may be injected, into the anoiyte 
solution. Alternatively an evaporation technique may be used in 
which water is released and evaporated by healing the specimen in 
a tube In a stream of dry inert gas, this gas being then passed into 
die cell- 
Procedure — Using a dry syringe, quickly inject the Test Prep- 
aration, accurately measured and estimated to contain 0 5 to 5 mg 
of water, into the anoiyte, mix, and perform die couiometric titration 
to the electrctnetric endpoint Read the water content of the Test 
Preparation directly from the instrument's display, and calculate 
the percentage that Is present in the substance. Perform a blank 
determination, and make any necessary corrections. 

METHOD H (AZEOTROFIC — TOLUENE 
DISTILLATION) 

Apparatus — Use a 500-mL glass flask A connected by means of 
a trap B to a reflux condenser C by ground glass joints (see figure). 



D 


Toluene Moisture Apparatus 

The critical dimensions of the parts of the apparatus are as fol- 
lows. The connecting tube D is 9 to 11 mm in internal diameter. 
The irap is 235 to 240 nun in- length. The condenser, if of the 
straight-tube type, is approximately 400 mm in length and not less 
than 8 mm in bore diameter. The receiving tube E has a 5-mL 
capacity, and its cylindrical portion, 146 to 156 mm tn length, is 
graduated in 0.1 -mL subdivisions, so that the error of reading is not 
greater than 0.05 mL for any indicated volume. The source of heat 
is preferably an electric heater with rheostat control or an oU bath. 
The upper portion of the flask and the connecting tube may be 
insulated. 

Clean the receiving tube and the condenser with chromic add 
cleansing mixture, thoroughly rinse with water, and dry in an oven. 
Prepare the toluene to be used by first shaking with a- small quantity 
of water, separating the excess water, and distilling the toluene- 
Procedure— Place in the dry Bask a quantity of the substance, 
weighed accurately to the nearest centigram, which is expected to . 
yield 2 to 4 mL of water. If die substance is of a pasty character. 


weigh it in a boat of metal foil of a size that will just pass through 
the neck of the flask. If the substance is likely to cause bumping, 
add enough dry, washed sand to cover the bottom of. the flask, or 
a number of capillary melting-point tubes, about 100 mm in length, 
sealed at the upper end. Place about 200 mL of toluene in the flask, 
connect the apparatus, and fill the receiving tube E with toluene 
poured through the top of the condenser. Heat the flask gendy for 
15 minutes and. when the toluene begins to boil, distil at the raie 
of about 2 drops per second until most of the water has passed over, 
then increase the rate of distillation to about 4 drops per second. 
When the water has apparently an distilled over, rinse the inside of 
the condenser tube with toluene while brushing down the tube with 
a tube brush attached to a copper wire and saturated with toluene. 
Continue the distillation for 5 minutes, then remove the heat, and 
allow the receiving tube to cool to room temperature. If any droplets 
of water adhere to the walls of the receiving tube, scrub them down 
with a brush consisting of a rubber band wrapped around a copper 
wire and wetted with toluene. When the water and toluene have 
separated completely, read the volume of water, and calculate the 
percentage that was present in the substance. 

~ METHOD III (GRAVIMETRIC) 

Procedure Tor Chemicals — Proceed as directed in the individual 
monograph preparing the chemical as. directed under Loss on Dry* 
wg(731>. 

Procedure for Biologies — Proceed as directed in the individual 
monograph. 

Procedure for Vegetable Drugs— Place about 10 g of the drug, 
prepared as directed (sec Vegetable Drugs— Methods of Analysis 
(561))' and accurately weighed, in a tared evaporating dish. Dry at 
105° for 5 hours, and weigh. Continue the drying and weighing at 
1-hour intervals until the difference between two successive weigh- 
ings corresponds to not more than 0.25%. 


<941) X-RAY DIFFRACTION 

Every crystal form of a compound produces its own characteristic 
X-ray diffraction pattern. These diffraction patterns can be derived 
either from a single crystal or from a powdered specimen (contain* 
ing numerous crystals) of the material. The spacings between and 
the relative intensities of the diffracted maxima can be used for 
qualitative and quantitative analysis of crystalline materials. Powder 
diffraction techniques are most commonly employed for routine 
identification and the determination of relative purity of crystalline 
materials. Small amounts of impurity, however, are not normally 
detectable by the X-ray diffraction method, and for quantitative 
measurements it is necessary to prepare the sample carefully to 
avoid preferred orientation effects. 

The powder methods provide an advantage over other means of 
analysis in that they are usually nondestructive in nature (specimen 
preparation is usually limited to grinding to ensure a randomly ori- 
ented sample, and deleterious effects of X-rays on solid pharma- 
ceutical compounds arc not commonly encountered). The principal 
use of single-crystal diffraction data is for the determination of mol- 
ecular weights and analysis of crystal structures at the atomic level. 
However, diffraction established for a single crystal can be used, to 
support a specific powder pattern as being truly representative of a 
single phase. 

Solids— A solid substance can be classified as being crystalline, 
noncrystalline, or a mixture of the two forms. In crystalline. mate- 
rials, the molecular or atomic species are ordered in a three-dimen- 
sional array, called a lattice, within the solid particles. This ordering 
of molecular components is lacking in noncrystalline material. Non- 
crystalline solids sometimes are referred to as glasses or amorphous 
solids when repetitive order is nonexistent in all three dimensions. 
It is also possible for order to exist in only one or two dimensions, 
resulting in mesomorphic phases (liquid crystals). Although crys- 
talline materials are usually considered to have well-defined visible 
external morphologies (their habits), this is not a necessity for X- 
ray diffraction analysis. 

The relatively random arrangement of molecules in noncrystal- 
line substances makes them poor coherent scatterers of X-rays, re- 
sulting in broad, diffuse maxima in diffraction patterns . Their X- 
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Caution — Care must he taken in the us* of such radiation. Those 
not familiar with the use of X-ray equipment should seek expert 
advice. Improper use can result in harmful effects to the operator. 

Test Preparation— In an attempt to improve randomness in the 
orientation of crystallites (and, for fi)m techniques, to avoid a grainy 
pattern), the specimen may be ground in a mortar to a fine powder. 
Grinding pressure has been known to induce phase transformations; 
therefore, it is advisable to check die diffraction pattern of the un- 
ground sample. 

In general, the shapes of many crystalline panicles tend to give 
a specimen that exhibits some degree of preferred orientation in the 
specimen holder. This is especially evident for nccdlc-likc or plate- 
like crystals where size reduction yields finer needles or platelets. 
Preferred orientation in the specimen influences the relative inten- 
sities of various reflections. 

Several specialized handling techniques may be employed to 
minimize preferred oricmation, but further reduction of particle size 
is often the best approach. 

Where very accurate measurement of the Bragg angles is nec- 
essary, a small amount of an internal standard can be mixed into 
the specimen. This enables the film or recorder tracing to be cali- 
brated If comparisons to literature values (including compendial 
limits) of d are being made, calibrate the diffractometer. NIST stan- 
dards are available covering to a 4- value of 0.998 nm. Tetradecanol 1 
may be used (d is 3.963 nm) for larger spacing. 

The absorption of the radiation by any specimen is determined 
by the number and kinds of atoms through which the X-ray beam 
passes. An organic matrix usually absorbs less of the diffracted 
radiation than docs an inorganic matrix. Therefore, it is important 
in quantitative studies that standard curves relating amount of ma- 
terial to the intensity of certain d spacings tor that substance be 

1 Brindley, GW and Brown, G. cds., Crystal Structures of Clay 
Minerals and their X-ray Identification, Mineralogical Society 
Monograph No. 5, London, 1980, pp. 318 ff. 


determined in a matrix similar to that in which the substance will 
be analyzed. m 

In quantitative analyses of materials, a known amount of standard 
usually is added to a weighed amount of specimen to be analyzed 
This enables the amount of the substance to be determined relative 
to the amount of standard added. The standard used should have 
approximately the same density as the specimen and similar ab- 
sorption characteristics. More important, its diffraction- pattern 
should not overlap to any extent with that of the material to be 
analyzed. Under these conditions a linear relationship between line 
intensity and concentration exists. In favorable cases, amounts of 
crystalline materials as small as 10% may be determined in solid 
matrices. 

Identification of crystalline materials can be accomplished by 
comparison of X-ray powder diffraction patterns obtained for 
known 2 materials with those of the unknown. Hie intensity ratio 
(ratio of the peak intensity of a particular d spacing to the intensity 
of the strangest maxima in the diffraction pattern) and the d spacing 
are used in the comparison. If a reference material (e.g., USP Ref- 
erence Standard) is available, it is preferable to generate a primary 
reference pattern on the same equipment used for running the un- 
known sample, and under the same conditions. For most organic 
crystals, it is appropriate lo record the diffraction pattern to include 
values for 26 that range from as near zero degrees as possible to 
40 degrees. Agreement between sample and reference should be 
within the calibrated precision of the dirTractometer for diffraction 
angle (20 values should typically be reproducible to ±0.10 or/0.20 
degrees), while relative intensities between sample and reference 
may vary considerably. For. other types of samples (e.g., inorganic 
salts), it may be necessary to extend the 20 region scanned to well 
beyond 40 degrees. It is generally sufficient to scan past the ten 
strongest reflections identified in the Powder Diffraction File. 3 ' 

* The International Centre for Diffraction Data, Newtown Square 
Corporate Campus, 12 Campus Boulevard, Newtown Square, PA 
19073, maintains a file on more than 60,000 crystalline materials, 
both organic and inorganic, suitable for such comparisons. 
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